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Despite increased awareness, poor adherence to treatments for chronic diseases
remains a global problem. Adherence issues are common in patients taking
antihypertensive therapy and associated with increased risks of coronary and
cerebrovascular events. Whilst there has been a gradual trend toward improved
control of hypertension, the number of patients with blood pressure values above
goal has remained constant. This has both personal and economic consequences.
Medication adherence is a multifaceted issue and consists of three components:
initiation, implementation, and persistence. A combination of methods is recommended
to measure adherence, with electronic monitoring and drug measurement being the
most accurate. Pill burden, resulting from free combinations of blood pressure lowering
treatments, makes the daily routine of medication taking complex, which can be a
barrier to optimal adherence. Single-pill fixed-dose combinations simplify the habit of
medication taking and improve medication adherence. Re-packing of medication is also
being utilized as a method of improving adherence. This paper presents the outcomes
of discussions by a European group of experts on the current situation of medication
adherence in hypertension.
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INTRODUCTION
Poor adherence to treatments for chronic diseases is a worldwide problem and was highlighted as a
problem of striking magnitude by the World Health Organization [WHO] (2003). Adherence is of
particular concern in hypertension, with about half of the patients prescribed an antihypertensive
drug stopping taking it within 1 year, in a longitudinal study of electronically compiled dosing
histories of 4783 patients (Vrijens et al., 2008). While, it is recognized that awareness of adherence
has increased in recent years, there is still a long way to go.
Adherence is key to therapeutic success; however, it is a multifaceted issue and should not
be considered as a dichotomous variable (adherent versus non-adherent). Interestingly, drug
adherence goes beyond pill consumption and is a reflection of healthy behavior (Simpson
et al., 2006). Medication adherence can be defined as the process by which patients takes their
medications as prescribed (Vrijens et al., 2012) and is a dynamic process that changes over time.
Adherence consists of three components, which need to be considered separately: (A) initiation,
(B) implementation, and (C) persistence (Figure 1; Vrijens et al., 2012). The concept of percentage
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adherence is misleading as it does not reflect these three
components (Vrijens, 2016). Persistence with antihypertensive
treatment significantly reduces long-term cardiovascular risk
(Corrao et al., 2011).
Non-adherence occurs when a patient does not: initiate
a new prescription, implement as prescribed, or persist with
treatment (Figure 1). Failure of patients to fill prescriptions
when new medications are started has been shown to be as
high as 28% in an analysis of 195,930 electronic prescriptions
(Fischer et al., 2010). Suboptimal daily implementation of the
prescribed regimen was one of the most common factors for
poor adherence with once daily antihypertensive treatment in
a longitudinal database study (Vrijens et al., 2008). On any
day about 10% of the patients omitted their scheduled dose.
In a cohort of 16,907 patients prescribed oral medications for
one of a variety of medical conditions in 95 studies, almost
40% of participants had discontinued treatment by 1 year,
and 4% never initiated treatment (Blaschke et al., 2012). The
consequences of medication non-adherence are drugs not or
stopping working, or working partially or creating harm and
stopping working (Figure 1). Variable adherence also creates
drug-specific issues of periodic loss of effectiveness, occasional
toxicity, and eventually apparent drug resistance (Blaschke et al.,
2012). There is a need to understand the concept of a drug’s
“forgiveness” in order to improve understanding of adherence in
the future. A drug’s “forgiveness” is best described as the post-
dose duration of action minus the dosing frequency (Osterberg
et al., 2010).
Persistence and initiation are better in clinical trials than
in clinical practice; however, implementation is more of a
patient attribute and there is no difference in either setting.
The pharma model is changing from one dose fits all
toward personalized, precision and individualized medicine
(Personal Communication: Tufts Centre for the Study of Drug
Development, 2012), with adherence being a vital sign to measure
and manage (Figure 2). Adherence should also be incorporated as
a measure in drug development studies (phase II, III, and IV) in
line with how drug-related adverse events are currently recorded
including discontinuation (Vrijens and Urquhart, 2014). There
is also a unique opportunity to improve adherence at initiation
FIGURE 1 | Process of medication adherence, non-adherence, its consequences and methods of monitoring (Vrijens et al., 2012; Vrijens and
Heidbuchel, 2015). Permission granted by Oxford University Press.
Frontiers in Pharmacology | www.frontiersin.org 2 March 2017 | Volume 8 | Article 100
fphar-08-00100 March 1, 2017 Time: 12:44 # 3
Vrijens et al. Medication Adherence in Hypertension
FIGURE 2 | The changing pharma model (adapted from Personal Communication: Tufts Centre for the Study of Drug Development, 2012).
of treatment and for approximately 1 week after, and then at
treatment failure before escalating therapy. For example, a survey
of data collected from 23 community pharmacies in south east
England reported that 30% (67/226) of patients still taking a new
medication at 10 days were non-adherent (Barber et al., 2004).
Problems caused by medicines were categorized as: side effects,
difficulties with the practical aspects of taking the medication and
necessity concerns. This has led to an initiative by which patients
are encouraged to visit their community pharmacist in order to
support adherence.
A group of European clinicians and a biostatistician recently
met to discuss the current situation of medication adherence, its
economic consequences, management, and strategies to improve
adherence. This paper presents the outcome of those discussions
with particular reference to adherence to antihypertensive
medication.
ECONOMIC CONSEQUENCES OF
NON-ADHERENCE
The costs of non-adherence to medication are both personal and
economic, with knock-on costs as a result of increased demands
for healthcare resources if there is deterioration in patients’
health (NICE, 2009). Lack of medication adherence is estimated
to cost European governments €125 billion per year; and cost
arising due to complications of poor adherence represents 14%
of total healthcare expenditure in the United Kingdom’s National
Health Service (EFPIA, 2013). It is recognized that payment for
drug treatment has some impact on drug adherence but doesn’t
prevent non-adherence. In the US, the relationship between non-
adherence and associated costs has been depicted as a continuous
cycle, with poor medication adherence leading to poor health
outcomes, increased service utilization and health care costs,
which are passed on to the patient and then lead to further effects
on adherence (Iuga and McGuire, 2014).
The IMS Institute for Healthcare Informatics, using a global
modeling approach, identified a $500 billion (€455 billion) saving
across 186 countries with the responsible use of medicines (IMS,
2012). Responsible use of medicines implies that “activities,
capabilities, and existing resources of health system stakeholders
are aligned to ensure patients receive the right medicines at the
right time, use them appropriately, and benefit from them” (IMS,
2012). About 8% of the global total health expenditure, could be
avoided from adherence to medicine (IMS, 2012).
Whilst a gradual trend to improve treatment of hypertension
has been seen in the UK between 2003 and 2011, the percentage
of patients who are hypertensive and uncontrolled has remained
consistent (Figure 3; Health Social Care Information Centre,
2015). In the UK the annual cost of medicine wastage in
primary care is estimated to be £300 million (€333 million), with
£100–150 million (€111–166.50 million) identified as avoidable,
according to research by York Health Economics Consortium,
The School of Pharmacy, University of London (2010). The
research also evaluated the cost of non-adherence in six long-
term conditions, including hypertension. Savings of just over
£100 million (€111 million) per year could be achieved if 80%
of patients with hypertension were adherent with treatment
(York Health Economics Consortium, The School of Pharmacy,
University of London (2010)).
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FIGURE 3 | Prevalence of hypertension and blood pressure control in UK between 2003 and 2014 (Health Social Care Information Centre, 2015). Blood
pressure was not measured in 2004.
The costs related to hypertension and the economic impact
of increasing adherence to antihypertensive therapy have been
investigated in five European countries (Italy, Germany, France,
Spain, and England), using a probabilistic prevalence-based
model, over a 10-year period (Mennini et al., 2015). This model
indicated that a total saving of €332 million could be achieved
by increasing adherence to antihypertensive therapy to 70%.
Studies such as this can help inform decision makers and aid
understanding of the importance of adherence. It is important
to note that the adherence goal of ≥80% originally came from
pharmacy refill claims databases and is not necessarily valid in all
clinical situations, for example resistant hypertension, and does
not address the drug’s forgiveness as described earlier.
Hypertension is a serious public health issue in low- to
middle-income countries (Nielsen et al., 2017), and affordability
of medication is an important consideration as this is a
problem for medication adherence (Choudhry et al., 2016).
A recent systematic review of the literature on non-adherence to
antihypertensive medication, among adults in low- and middle-
income countries, has highlighted that this is more problematic
in some parts of the world (Nielsen et al., 2017). Affordability
affects the treatment initiation and persistence components
of adherence, as patients who cannot afford the medications
typically do not buy them.
Treatment escalation is one of the drivers for increased
cost: poor adherence leads to treatment failure, disease
progression and more complex treatments, which then lead
on to further impact adherence. Adherence is perceived by
payers to be associated with increased costs, and there is a
need to raise awareness that reimbursement to avoid treatment
escalation is beneficial, e.g., supporting ambulatory blood
pressure monitoring. Furthermore, most of the estimates of non-
adherence are top down and are not sequential in terms of time.
However, the key message remains that the number of patients
who are non-adherent is high and this jeopardizes the healthcare
budget.
MANAGEMENT OF ADHERENCE
Low adherence is the most common cause of apparent
resistant hypertension (Jung et al., 2013). Poor adherence to
antihypertensive therapy is associated with increased risks of
coronary and cerebrovascular events (Corrao et al., 2011). In
terms of the management of adherence the objective is to
achieve the best use, by patients, of appropriately prescribed
medicines in order to maximize the potential for benefit
and minimize the risk of harm (Vrijens et al., 2012). The
European Society of Hypertension (ESH)/European Society
of Cardiology (ESC) guidelines provide recommendations on
methods to improve adherence to physicians’ recommendations,
and adherence management is also becoming part of care
pathways (PriceWaterhouseCoopers, 2007; Mancia et al., 2013;
Heidbuchel et al., 2015); however, more global guidance that is
not disease specific is needed. Furthermore, the guidelines should
be more prescriptive and less generic.
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FIGURE 4 | Non-invasive and invasive methods of measuring adherence.
Drug adherence problems are characterized by two major
patterns: non-persistence and good persistence but poor
implementation of the dosing regimen (primarily missed doses
and drug holidays). Identification of the problem is crucial as the
prevention strategy depends on the type of pattern. Suboptimal
implementation may lead to poor blood pressure control, which
in turn can lead to non-persistence (Blaschke et al., 2012).
In addition to determining whether drugs are taken, it is
important to assess drug adherence. The difficulty of accurately
assessing adherence is highlighted by a study by Meddings et al.
(2012) where primary care providers recognized non-adherence
for less than half of those patients who had significant gaps in
their refill history. Apps are a conceptual way to implement
adherence; however, there are too many, they work for a limited
time, are often generic and even if they provide feedback to the
healthcare provider they are too complicated. Adherence data is
needed at the point of care.
There are several non-invasive and invasive methods of
measuring adherence (Figure 4). There is no one gold standard
method of measuring adherence; a combination of methods
should be used to measure initiation, implementation and
persistence which should be individualized (Figure 1; Gupta
et al., 2010). The most accurate methods are electronic
monitoring and drug measurement. Electronic monitoring
consists of automatic compilation of drug dosing history data
that may be useful in the management of patients with
resistant hypertension (Burnier et al., 2001). The Medication
Event Monitoring System (MEMS R©) is an example of electronic
monitoring of adherence that records the date and time when the
package is opened to remove medication. Although not available
in all countries, they are recognized as an underutilized resource.
They have the advantage of being a dynamic measure, but do
not prove ingestion. Monitoring of drug levels has been shown
to improve blood pressure control at follow-up visits (Brinker
et al., 2014). Whilst blood or urine drug measurements prove
TABLE 1 | Strategies for improving blood pressure control (Volpe et al.,
2012a,b, 2013).
• Define and share key therapeutic targets
• Prepare Consensus Document and Practical Guidelines, share with General
Medicine
• Interventions for information and motivation among the population (blood
pressure control, virtuous lifestyle, adherence to prescribed treatment, use of
mass media and social networks)
• Promotion of the use of check-lists, database, clinical case records and
network of dedicated outpatient care units
• Dialog with stake-holders
• Promote long-lasting anti-hypertensive drugs in mono and combination
therapy
• Promote therapeutic simplification
ingestion they are invasive, costly, and are very limited as they
do not reflect the behavior of medication taking. The Medication
Event Monitoring System (MEMS) is an example of an electronic
medication monitoring, measurement and adherence system.
A meta-analysis of the impact of different strategies to improve
adherence and blood pressure control found that collaboration
with healthcare partners has the greatest impact (Glynn et al.,
2010).
Other systems in development for monitoring adherence
include ingestible sensor systems combined with wireless
observed therapy (Belknap et al., 2013) and electronically
chipped packaging. It is anticipated that in the future, adherence
monitoring will become routine for chronic conditions at specific
time points, i.e., initiation and treatment failure.
STRATEGIES TO IMPROVE ADHERENCE
A number of different strategies can be used to improve
blood pressure control (Table 1; Volpe et al., 2012a,b, 2013).
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Patients’ preferences as to methods of improving adherence
remain an “unknown, unknown.” The majority of patients
need combination therapy to achieve blood pressure control;
however, pill burden is associated with lower adherence
(Gerbino and Shoheiber, 2007). Dosing frequency is important
and can in cases of less frequent dosing lead to non-
intentional non-persistence. Treatment simplification is one
of the most straightforward ways to enhance adherence, by
facilitating implementation of the dosing regimen (Redon
et al., 2008; Burnier et al., 2009). Single-pill FDCs can reduce
pill burden and simplify treatment regimens (Mancia et al.,
2013). FDCs significantly improve adherence and improve
BP normalization ratios compared with free combinations
(Gupta et al., 2010; Sherrill et al., 2011). Efforts to take
advantage of the benefits of FDCs for improving adherence
include an angiotensin-receptor-blocker-based hypertension
treatment platform. This is a practical tool which has been
devised to guide the use of single-pill FDCs containing
two- and even three drugs in clinical situations commonly
seen in hypertension (Volpe et al., 2014). FDCs can be
expensive in some countries and may constitute a barrier for
adherence.
Patients’ awareness of their adherence patterns can change
their behavior (Vrijens et al., 2006). The key elements to
changing patients’ behavior include: education, motivation, and
measurement (Vrijens et al., 2014). Packaging is an underused
opportunity to effectively manage medication adherence. It has
a role to play in measurement and provision of information.
The ESH/ESC guidelines include reminder packaging as a
method of improving adherence to physicians’ recommendations
(Mancia et al., 2013). A real-world assessment of the impact of
reminder packaging in the US has shown that it can improve
rates of adherence and persistence to antihypertensive treatment
(Dupclay et al., 2012). A higher proportion of patients who
received their prescribed medication in reminder packaging
remained on treatment and were less likely to discontinue
therapy compared with the non-reminder packaging group. This
approach to improving adherence through improvements in
packaging is now being applied within Europe. Recently, Daiichi
Sankyo re-designed its hypertension medication packaging to
include the following features: top-opening to provide easy
access to medication, improve convenience, and hopefully lead
to patients keeping the packaging; an intake reminder inside
the box to reduce the risk of missing pills (it is important
to link an activity to the same time every day, to facilitate
patient engagement); instant weekday visibility, makes patients’
aware if they have missed a dose; digital patient product
information available via a QR-code provides access to relevant
information in an easy to read, legible format. Finally, a
blister reminder helps to prevent patients from running out of
medication.
Re-packing products in this way might be considered as a
major step in improving initiation, supporting implementation
and ultimately persistence to treatment. Other important
considerations to engage discussion between patients and health
care providers are: materials to support counseling; dummy
packaging. It is recognized that pharmaceutical manufacturers
could do more with regards to improving packaging of
medications; small changes may have a meaningful impact on
adherence.
CONCLUSION
The advent of uniquely powerful medicines and reliable means
to measure adherence highlights the importance of patient
adherence, particularly in hypertension. Patient-tailored and
measurement-guided interventions are required to achieve
sufficient adherence to therapeutic drug regimens. Achieving
satisfactory adherence may have far greater impact than any
other maneuver to improve antihypertensive treatments, and
healthcare systems must evolve to meet this challenge.
AUTHOR CONTRIBUTIONS
We confirm that all authors made substantial contributions to
the concept and to the drafting of the manuscript or revising
it critically for important intellectual content. In additional, all
authors provided final approval of the manuscript.
FUNDING
Funding for this meeting came from Daiichi Sankyo Europe
GmbH.
ACKNOWLEDGMENT
Editorial assistance was provided by Vicky Hinstridge, of
inScience Communications, Springer Healthcare.
REFERENCES
Barber, N., Parsons, J., Clifford, S., Darracott, R., and Horne, R. (2004). Patients’
problems with new medication for chronic conditions. Qual. Saf. Health Care
13, 172–175. doi: 10.1136/qshc.2003.005926
Belknap, R., Weis, S., Brookens, A., Au-Yeung, K. Y., Moon, G., DiCarlo, L.,
et al. (2013). Feasibility of an ingestible sensor-based system for monitoring
adherence to tuberculosis therapy. PLoS ONE 8:e53373. doi: 10.1371/journal.
pone.0053373
Blaschke, T. F., Osterberg, L., Vrijens, B., and Urquhart, J. (2012). Adherence
to medications: insights arising from studies on the unreliable link
between prescribed and actual drug dosing histories. Annu. Rev.
Pharmacol. Toxicol. 52, 275–301. doi: 10.1146/annurev-pharmtox-011711-
113247
Brinker, S., Pandey, A., Ayers, C., Price, A., Raheja, P., Arbique, D., et al. (2014).
Therapeutic drug monitoring facilitates blood pressure control in resistant
hypertension. J. Am. Coll. Cardiol. 63, 834–835. doi: 10.1016/j.jacc.2013.
10.067
Frontiers in Pharmacology | www.frontiersin.org 6 March 2017 | Volume 8 | Article 100
fphar-08-00100 March 1, 2017 Time: 12:44 # 7
Vrijens et al. Medication Adherence in Hypertension
Burnier, M., Brown, R. E., Ong, S. H., Keskinaslan, A., and Khan, Z. M. (2009).
Issues in blood pressure control and the potential role of single-pill combination
therapies. Int. J. Clin. Pract. 63, 790–798. doi: 10.1111/j.1742-1241.2009.
01999.x
Burnier, M., Schneider, M. P., Chioléro, A., Stubi, C. L., and Brunner, H. R.
(2001). Electronic compliance monitoring in resistant hypertension: the basis
for rational therapeutic decisions. J. Hypertens. 19, 335–341. doi: 10.1097/
00004872-200102000-00022
Choudhry, N. K., Denberg, T. D., Qaseem, A., and Clinical Guidelines Committee
of American College of Physicians (2016). Improving adherence to therapy
and clinical outcomes while containing costs: opportunities from the greater
use of generic medications: best practice advice from the clinical guidelines
committee of the american college of physicians. Ann. Intern. Med. 164, 41–49.
doi: 10.7326/M14-2427
Corrao, G., Parodi, A., Nicotra, F., Zambon, A., Merlino, L., Cesana, G.,
et al. (2011). Better compliance to antihypertensive medications reduces
cardiovascular risk. J. Hypertens. 29, 610–618. doi: 10.1097/HJH.0b013
e328342ca97
Dupclay, L., Eaddy, M., Jackson, J., Raju, A., and Shim, A. (2012). Real-
world impact of reminder packaging on antihypertensive treatment adherence
and persistence. Patient Prefer. Adherence 6, 499–507. doi: 10.2147/PPA.
S31417
EFPIA (2013). Health & Growth - Evidence Compendium. Available at: http://
www.efpia.eu/uploads/Modules/Documents/health-and-growth_evidence-
compendium.pdf Retrieved [accessed 21 October, 2016]
Fischer, M. A., Stedman, M. R., Lii, J., Vogeli, C., Shrank, W. H., Brookhart, M. A.,
et al. (2010). Primary medication non-adherence: analysis of 195,930 electronic
prescriptions. J. Gen. Intern. Med. 25, 284–290. doi: 10.1007/s11606-010-
1253-9
Gerbino, P. P., and Shoheiber, O. (2007). Adherence patterns among patients
treated with fixed-dose combination versus separate antihypertensive agents.
Am. J. Health Syst. Pharm. 64, 1279–1283. doi: 10.2146/ajhp060434
Glynn, L. G., Murphy, A. W., Smith, S. M., Schroeder, K., and Fahey, T.
(2010). Interventions used to improve control of blood pressure in patients
with hypertension. Cochrane Database Syst. Rev. 3:CD005182. doi: 10.1002/
14651858.CD005182.pub4
Gupta, A. K., Arshad, S., and Poulter, N. R. (2010). Compliance, safety, and
effectiveness of fixed-dose combinations of antihypertensive agents: a meta-
analysis. Hypertension 55, 399–407. doi: 10.1161/HYPERTENSIONAHA.109.
139816
Health Social Care Information Centre (2015).Health Survey for England. Available
at: http://content.digital.nhs.uk/catalogue/PUB19297
Heidbuchel, H., Verhamme, P., Alings, M., Antz, M., Diener, H. C., Hacke, W., et al.
(2015). Updated European Heart Rhythm Association Practical Guide on the
use of non-vitamin K antagonist anticoagulants in patients with non-valvular
atrial fibrillation. Europace 17, 1467–1507. doi: 10.1093/europace/euv309
IMS (2012). Responsible Use of Medicines Report. Available at: http://www.ims
health.com/en/thought-leadership/ims-institute/reports/responsible-use-of-
medicines-report#ims-form
Iuga, A. O., and McGuire, M. J. (2014). Adherence and health care costs. Risk
Manag. Healthc. Policy 7, 35–44. doi: 10.2147/RMHP.S19801
Jung, O., Gechter, J. L., Wunder, C., Paulke, A., Bartel, C., Geiger, H., et al.
(2013). Resistant hypertension? Assessment of adherence by toxicological urine
analysis. J. Hypertens. 31, 766–774. doi: 10.1097/HJH.0b013e32835e2286
Mancia, G., Fagard, R., Narkiewicz, K., Redon, J., Zanchetti, A., Böhm, M., et al.
(2013). 2013 ESH/ESC guidelines for the management of arterial hypertension:
the task force for the management of arterial hypertension of the european
society of hypertension (ESH) and of the european society of cardiology (ESC).
Eur. Heart J. 34, 2159–2219. doi: 10.1093/eurheartj/eht151
Meddings, J., Kerr, E. A., Heisler, M., and Hofer, T. P. (2012). Physician assessments
of medication adherence and decisions to intensify medications for patients
with uncontrolled blood pressure: still no better than a coin toss. BMC Health
Serv. Res. 12:270. doi: 10.1186/1472-6963-12-270
Mennini, F. S., Marcellusi, A., von der Schulenburg, J. M., Gray, A., Levy, P.,
Sciattella, P., et al. (2015). Cost of poor adherence to anti-hypertensive therapy
in five European countries. Eur. J. Health Econ. 16, 65–72. doi: 10.1007/s10198-
013-0554-4
NICE (2009). Medicines Adherence: Involving Patients in Decisions about
Prescribed Medicines and Supporting Adherence (CG76). Clinical guidelines.
Available at: https://www.nice.org.uk/guidance/cg76/resources/medicines-adhe
rence-involving-patients-in-decisions-about-prescribed-medicines-and-suppo
rting-adherence-975631782085 [accessed 15 September, 2016].
Nielsen, J. O., Shrestha, A. D., Neupane, D., and Kallestrup, P. (2017). Non-
adherence to anti-hypertensive medication in low- and middle-income
countries: a systematic review and meta-analysis of 92443 subjects. J. Hum.
Hypertens. 31, 14–21. doi: 10.1038/jhh.2016.31
Osterberg, L. G., Urquhart, J., and Blaschke, T. F. (2010). Understanding
forgiveness: minding and mining the gaps between pharmacokinetics
and therapeutics. Clin. Pharmacol. Ther. 88, 457–459. doi: 10.1038/clpt.
2010.171
PriceWaterhouseCoopers (2007). Pharma 2020: Supplying the Future. Which
Path will you take?. Available at: https://www.pwc.com/gx/en/pharma-life-
sciences/pdf/pharma-2020-supplying-the-future.pdf [accessed 15 September,
2016].
Redon, J., Brunner, H. R., Ferri, C., Hilgers, K. F., Kolloch, R., and van
Montfrans, G. (2008). Practical solutions to the challenges of uncontrolled
hypertension: a white paper. J. Hypertens. Suppl. 26, S1–S14. doi: 10.1097/01.
hjh.0000343507.74401.45
Sherrill, B., Halpern, M., Khan, S., Zhang, J., and Panjabi, S. (2011). Single-pill
vs free-equivalent combination therapies for hypertension: a meta-analysis of
health care costs and adherence. J. Clin. Hypertens. 13, 898–909. doi: 10.1111/j.
1751-7176.2011.00550.x
Simpson, S. H., Eurich, D. T., Majumdar, S. R., Padwal, R. S., Tsuyuki, R. T.,
Varney, J., et al. (2006). A meta-analysis of the association between adherence
to drug therapy and mortality. BMJ 333, 15. doi: 10.1136/bmj.38875.675486.55
Volpe, M., Ambrosioni, E., Borghi, C., Cottone, S., Cuspidi, C., De Luca, N.,
et al. (2012a). [Strategies for improving blood pressure control in Italy: from
global cardiovascular risk stratification to combination therapy. 2012 Position
paper of the Italian Society of Hypertension]. G. Ital. Cardiol. 13, 853–860.
doi: 10.1714/1188.13170
Volpe, M., Ambrosioni, E., Borghi, C., Cottone, S., Cuspidi, C., De Luca, N.,
et al. (2012b). Strategie per migliorare il controllo della pressione arteriosa
in Italia: dalla stratificazione del rischio cardiovascolare globale alla terapia di
combinazione. Ipertensione Prev. Cardiovasc. 19, 187–196.
Volpe, M., de la Sierra, A., Kreutz, R., Laurent, S., and Manolis, A. J. (2014).
ARB-based single-pill platform to guide a practical therapeutic approach to
hypertensive patients. High Blood Press Cardiovasc. Prev. 21, 137–147. doi:
10.1007/s40292-014-0043-6
Volpe, M., Rosei, E. A., Ambrosioni, E., Cottone, S., Cuspidi, C., Borghi, C., et al.
(2013). 2012 consensus document of the Italian Society of Hypertension (SIIA):
strategies to improve blood pressure control in Italy: from global cardiovascular
risk stratification to combination therapy.High Blood Press Cardiovasc. Prev. 20,
45–52. doi: 10.1007/s40292-013-0007-2
Vrijens, B. (ed.). (2016). An Introduction to Adherence Research. Drug Utilization
Research: Methods and Applications. New York, NY: John Wiley & Sons, Ltd.
Vrijens, B., Belmans, A., Matthys, K., de Klerk, E., and Lesaffre, E. (2006). Effect of
intervention through a pharmaceutical care program on patient adherence with
prescribed once-daily atorvastatin. Pharmacoepidemiol. Drug Saf. 15, 115–121.
doi: 10.1002/pds.1198
Vrijens, B., De Geest, S., Hughes, D. A., Przemyslaw, K., Demonceau, J., Ruppar, T.,
et al. (2012). A new taxonomy for describing and defining adherence to
medications. Br. J. Clin. Pharmacol. 73, 691–705. doi: 10.1111/j.1365-2125.
2012.04167.x
Vrijens, B., and Heidbuchel, H. (2015). Non-vitamin K antagonist oral
anticoagulants: considerations on once- vs. twice-daily regimens and their
potential impact on medication adherence. Europace 17, 514–523. doi: 10.1093/
europace/euu311
Vrijens, B., and Urquhart, J. (2014). Methods for measuring, enhancing, and
accounting for medication adherence in clinical trials. Clin. Pharmacol. Ther.
95, 617–626. doi: 10.1038/clpt.2014.59
Vrijens, B., Urquhart, J., and White, D. (2014). Electronically monitored dosing
histories can be used to develop a medication-taking habit and manage patient
adherence. Expert Rev. Clin. Pharmacol. 7, 633–644. doi: 10.1586/17512433.
2014.940896
Frontiers in Pharmacology | www.frontiersin.org 7 March 2017 | Volume 8 | Article 100
fphar-08-00100 March 1, 2017 Time: 12:44 # 8
Vrijens et al. Medication Adherence in Hypertension
Vrijens, B., Vincze, G., Kristanto, P., Urquhart, J., and Burnier, M. (2008).
Adherence to prescribed antihypertensive drug treatments: longitudinal study
of electronically compiled dosing histories. BMJ 336, 1114–1117. doi: 10.1136/
bmj.39553.670231.25
World Health Organization [WHO] (2003). Adherence to Long-Term Therapies.
Evidence for Action.Available at: http://www.who.int/chp/knowledge/publicatio
ns/adherence_full_report.pdf [accessed 14 September, 2016].
York Health Economics Consortium, The School of Pharmacy, University of
London (2010). Evaluation of the Scale, Cause and Costs of Waste Medi-
cines. Final Report. Available at: https://core.ac.uk/download/pdf/111804.pdf?re
positoryId=90 [accessed 15 September, 2016].
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2017 Vrijens, Antoniou, Burnier, de la Sierra and Volpe. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.
Frontiers in Pharmacology | www.frontiersin.org 8 March 2017 | Volume 8 | Article 100
